Many plants used in Saurashtra folk medicine have been reported to exhibit high antibacterial and antioxidant activities. In the present study, some parts of five plants, Guazuma ulmifolia L., Manilkara zapota L., Melia azedarach L., Syzygium cumini L. and Wrightia tomentosa R. & S., were evaluated for their antibacterial activity, total phenol content, flavonoid content, 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity and phytochemical analysis, using successive extraction by cold percolation method with petroleum ether, ethyl acetate, methanol and water. In vitro antibacterial activity was evaluated against five bacterial strains viz. Bacillus subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Salmonella typhimurium and Enterobacter aerogenes by agar well diffusion method. Among the plants screened, W. tomentosa leaf and fruit showed the best antibacterial activity. The Gram-positive bacteria were more susceptible than Gram-negative bacteria. Methanol extract of M. zapota showed the best 2,2-diphenyl-1-picrylhydrazyl free radical scavenging activity. Highest total phenol content was shown by M. zapota and S. cumini in methanol extract, while highest flavonoid content was shown by W. tomentosa stem in petroleum ether extract and ethyl acetate extract. In all the plants, cardiac glycosides and triterpenes were more as compared to other phytoconstituents.
The frequency of life-threatening infections caused by pathogenic microorganisms has increased worldwide and is becoming an important cause of morbidity and mortality in immuno compromised patients in developed countries [1] . There is an urgent need to control antimicrobial resistance by improved antibiotic usage and reduction of hospital cross infection [2] ; however the development of new antibiotics should be continued as they are of primary importance to maintain the effectiveness of antimicrobial treatment [3] . In developing countries, the World Health Organization [4] estimates that about three quarters of the population relies on plant based preparations used in their traditional medicinal system and as the basic needs for human primary health care. Therefore, several medicinal plants have been evaluated for possible antimicrobial activity and to get remedy for a variety of ailments of microbial origin [5, 6] .
Oxidative stress is an important contributor to the pathophysiology of a variety of pathological conditions including cardiovascular dysfunction, atherosclerosis, inflammation, carcinogenesis, drug toxicity, reperfusion injury and neurodegenerative diseases [7] . Plants (fruits, vegetables, medicinal herbs) contain a wide variety of free radical scavenging molecules, such as phenolic compounds, nitrogen compounds, vitamins, terpenoids and some other endogenous metabolites, that are rich in antioxidant activity [8] [9] [10] [11] . Scavenging of free radicals by antioxidants could reduce the fibrosis process in the tissue [12] . Antioxidants are considered as possible protective agents reducing oxidative damage to the human body [13] . Antioxidants are naturally abundant in fruits and are able to neutralize free radicals donating an electron and converting them to harmless molecules [14] .
Natural antioxidants have a wide range of biochemical activities, including inhibition of ROS generation, direct or indirect scavenging of free radicals, and alteration of intra cellular redox potential [15] . Antioxidants provide protection to living organisms from damage caused by uncontrolled production of reactive oxygen species and the concomitant lipid peroxidation, protein damage and DNA strand breakage [16] . An antioxidant, which can quench reactive free radicals, can prevent the oxidation of other molecules and may, therefore, have health promoting effects in the prevention of degenerative diseases [17] . In addition, it has been reported that there is an inverse relationship between dietary intake of antioxidant rich food and the incidence of human diseases [18] . 
MATERIALS AND METHODS

Collection of plant material:
The plants were collected from Rajkot, Gujarat, India in September 2007 and identified at the Department of Biosciences, Saurashtra University, Rajkot, Gujarat, India. The ethnobotanical information of the screened plants is given in Table 1 [19] . The plant parts were thoroughly washed with tap water, air dried, homogenized to fine powder and stored in air tight bottles.
Extraction:
The dried powder of plants was extracted successively in petroleum ether, ethyl acetate, methanol and distilled water by cold percolation method [20] . Ten grams of dried powder was taken in 100 ml of solvent in a conical flask, plugged with cotton wool and then kept on a rotary shaker at 190-220 rpm for 24 h. After 24 h, the extract was filtered with eight layers of muslin cloth; the residue was dried and used for extraction in another solvent while the filtrate was centrifuged at 5000 g for 10 min, the supernatant was collected and the solvent was evaporated. The dried extract of each solvent, was stored at 4° in airtight bottles. The extraction was done at least three times and the mean values are presented.
Test microorganisms:
The bacterial strains used are identified strains and were obtained from National Chemical Laboratory, Pune, India. Two Gram-positive bacteria, Bacillus subtilis ATCC6633 and Staphylococcus aureus ATCC29737, and three Gram-negative bacteria, Pseudomonas aeruginosa ATCC27853, Salmonella typhimurium ATCC23564 and Enterobacter aerogenes ATCC13048 were studied.
Antibacterial Assay:
A loop full of the strain was inoculated in 25 ml of nutrient broth in a conical flask and incubated at room temperature on a rotary shaker for 24 h to activate the test bacteria. The inoculum size was 1×10 8 cells. Muller Hinton agar No. 2 (Himedia) was used for the antibacterial susceptibility study. The bacterial assay was performed by agar well diffusion method [21, 22] . The media and the test bacterial cultures were poured into Petri dishes (Hi-Media). The test strain (200 µl) was inoculated into the media when the temperature reached 40-42°. Care was taken to ensure proper homogenization. After the media was solidified; a well was made in the plates with the help of a cup-borer (8.5 mm). The well was filled with 100 µl of the extract (500 µg/well) and the plates were incubated over night at 37°. The bacterial growth was determined by measuring the diameter of the zone Root, bark, seed, used in piles, fever colic, diarrhea and round worm of inhibition. The experiment was done three times and the mean values are presented. For each bacterial strain, controls were maintained where pure solvent (DMSO) was used instead of the extract.
Phytochemical analysis:
The preliminary phytochemical screening of different extracts was done to ascertain the presence of bioactive components. The presence of alkaloids (dragendroff, Mayer, Wagner), flavonoids, tannins, phlobatannins, triterpenes, steroids, saponins and cardiac glycosides was determined [23, 24] .
Total phenol determination:
Total phenolic content of the extracts was determined by Folin Ciocalteu reagent method [25] with some modifications. Plant extract (1 ml) was mixed with Folin Ciocalteu reagent (0.1 ml, 1 N), and allowed to stand for 15 min. Then 5 ml of saturated Na 2 CO 3 was added. The mixtures were allowed to stand for 30 min at room temperature and the total phenols were determined spectrophotometrically at 760 nm. The calibration curve was prepared by preparing gallic acid (10-100 µg/ml) solution in distilled water. Total phenol values are expressed in terms of gallic acid equivalent (mg/g of extracted compound).
Flavonoid determination:
Aluminum chloride colorimetric method [26] with some modifications was used to determine flavonoid content. Plant extract (1 ml) in methanol was mixed with 1 ml of methanol, 0.5 ml aluminum chloride (1.2%) and 0.5 ml potassium acetate (120 mM). The mixture was allowed to stand for 30 min at room temperature; the absorbance of the reaction mixture was measured at 415 nm. The calibration curve was prepared by preparing quercetin (5-60 µg/ml) solution in methanol. Flavonoid content is expressed in terms of quercetin equivalent (mg/g of extracted compound).
2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radicals scavenging activity:
The free radical scavenging activity of the extracts of various plant species was measured using the modified method of McCune and Johns [27] . The extracts were dissolved in methanol. Various concentrations of the extracts (100-1000 µg) were added to DPPH solution in methanol (0.1 mM). The mixture was shaken vigorously and allowed to stand for 10 min at room temperature. The absorbance of the resulting solution was measured at 517 nm. The radical scavenger activity is expressed in terms of the amount of antioxidants necessary to decrease the initial DPPH absorbance by 50% (IC 50 ).
RESULTS AND DISCUSSION
The extractive yield of different plant parts is given in Table 2 . The extractive yield varied among the different plants and also among the solvents used. Petroleum ether and ethyl acetate extract showed less extractive yield as compared to aqueous and methanol extracts. Among the plants screened maximum yield was in methanolic extract of G. ulmifolia (11.28%) and minimum extractive yield was in petroleum ether extract of S. cumini (0.36%).
The crude powder of all the eight plant parts were subjected to preliminary phytochemical analysis and the results are shown in Table 3 . All the eight plant parts showed the presence of triterpenes and cardiac glycosides in higher amount while other phytoconstituents were present in trace amount or absent. It is possible that these secondary metabolites might be responsible for the bioactivity of the plant extracts [28] .
The antibacterial activity of eight parts of five plants belonging to five different families was assayed in vitro by agar well diffusion method against five different bacterial strains. The parts used for the study were leaf, stem and fruit, while the solvents used were petroleum ether, ethyl acetate, methanol and water. Therefore, in all, 32 extracts were evaluated for antibacterial activity as shown in Table 4 . Aqueous extract did not show any antibacterial activity against almost all the bacteria studied. Similar results have been reported in the literature [29, 30] . Among the plants screened, W. tomentosa leaf and fruit showed best antibacterial activity. Petroleum ether extracts of almost all plants showed antibacterial activity against both Gram-positive bacteria while they were inactive against Gram-negative bacteria. Highest antibacterial From the above results, it can be concluded that Gram-positive bacteria are susceptible to plant extracts more as compared to Gram-negative bacteria. Various workers have already reported similar results [31] [32] [33] . The difference in sensitivity might be ascribed to the difference in morphological constitutions between Gram-positive and Gram-negative organisms. Many plant species present inhibition zones of differing diameters; however, size difference of the inhibition zone depends primarily upon many factors for e.g. diffusion capacity of substances (present in the extracts) in the agar medium, antimicrobial activity of diffused substances, growth and metabolic activity of microorganisms in the medium. Inhibition zone diameter can further be associated with polarities of substances which make up the tested extracts and also with cell wall composition of test organisms since Gram-positive bacteria present cell walls with lower lipid levels than do Gram-negative bacteria [34] .
Plant phenolics constitute one of the major groups of compounds acting as primary antioxidant free radical terminators. These compounds possess a wide spectrum of chemical and biological activities including radical scavenging properties. Several studies have described the antioxidant properties of medicinal plants, foods and beverages which are rich in phenolic compounds [35] [36] [37] .
The total phenol content of eight plant parts is shown in Table 5 . Amongst the four extracts, methanol extracts showed higher amount of phenolic content followed by aqueous extracts, while petroleum ether extracts showed trace amount of phenolic content. Highest amount of total phenol content was in methanol extracts of M. zapota (194.06) and S. cumini (179.89). The flavonoid content of eight plant parts is shown in Table 6 . Amongst the four extracts, petroleum ether extracts showed higher amount of flavonoid content, while aqueous extracts showed trace amount of flavonoid content.
Various assays are used to test for antioxidant activity but the mostly widely used methods are those that involve generation of free radical species which are then neutralized by antioxidant compounds [38, 39] . DPPH radical is commonly used as a substrate to evaluate antioxidant activity. In the present work, eight parts of five plant species, in various solvents were evaluated for their free radical scavenging activity. Out of 32 extracts investigated, 19 extracts showed IC 50 value more than 1000 µg/ml, while the remaining 13 plant extracts showed a varied level of DPPH scavenging activity. IC 50 values ranged from 24.5 µg/ml to 800 µg/ml (Table 7) . Ascorbic acid was used as standard and its IC 50 value was 11.4 µg/ml. The lowest IC 50 value was of leaf of M. zapota in methanol extract (IC 50 = 24.5 µg/ml) and the highest IC 50 value was of leaf of G. ulmifolia (IC 50 = 655 µg/ml). Amongst all the four extracts, methanol extract showed better antioxidant activity.
Natural extracts with proven antioxidant activity are usually composed with their phenolic moiety, for example flavonoids, coumarins and tocopherols. Organic acids, carotenoids and tannins can also be present and act as antioxidants or have a synergistic effect with phenolic compounds [40] . However in present work, methanol extract of M. zapota showed promising result in total phenol content and antioxidant activity, while in other plant extracts there was weak correlation between phenolic content and antioxidant potency. This suggests that non-phenolic compounds may also be responsible for the observed antioxidant activity as also suggested by Yam et al [13] .
In the present study, antimicrobial and antioxidant activity of eight plant parts were screened. Five bacterial strains were used for the antimicrobial activity. Amongst all the plants screened, W. tomentosa leaf and fruit showed best antibacterial activity; while M. zapota showed best DPPH free radical scavenging activity in methanol extract. The Gram-positive bacteria were more susceptible than Gram-negative bacteria. Amongst the four extracts used, methanol extracts followed by ethyl acetate extracts showed better antimicrobial activity. Highest total phenol content was shown by M. zapota and S. cumini in methanol extract, while highest flavonoid content was shown by W. tomentosa stem in petroleum ether extract and ethyl acetate extract. In all the plants, cardiac glycosides and triterpenes were more as compared to other phytoconstituents.
Based on these results, it can be concluded that plant extracts have great potential as antimicrobial compounds against microorganisms and they can be used in the treatment of infectious diseases caused by resistant microorganisms. They can also be a source of natural antioxidants. Due to their antibacterial and antioxidant activities W. tomentosa and M. zapota extracts have promising potential as a source of natural antioxidant and antimicrobial agents. Such screening of various natural organic compounds and identification of active agents is the need of the hour because successful prediction of lead molecule and drug-like properties at the onset of drug discovery will pay off later in drug development. 
